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CORROSION EMBRITTLEMENT OF DURALUMIN.
II. ACCELERATED CORROSION TESTS AND
THE BEHAVIOR OF HIGH—STRENGTH ALUMINUM ALLOYS
OF DIFFERENT COMPOSITIONS.
By Henry S. Réwdbn.

‘I, Introduction

As shown in the previous Tepori, 1light aluminum alloys of
the duralumin type, that is, wrought alloys Whose properties
can be improvéd decldedly by heat treatment and which, for this
reason, are-widél§'employe& in-aircraﬁt construction, at times
have shown evidénce of a-lack of permanence and reliability
while in use. This lack of .permanence has been shown to be
the direct result of an intercrystalline corrosive attack which,
although starting at the surface of the material, gives very
1ittle evidence in the changed appearance gf the corroded part
of the extent of the attaock and the sericusness of the result-
ingliﬁpéifmenﬁ of the properties of the material. This form of
deterioration of duralumin is moest serious in the case of sheet
materlal.' The tendenoy toward this change, according to the
ocbservations which have been made, has been exhibited by only a
relatively small amount of the total Quantity of sheet duralumin

which has been put into use. However, such a change, whereby a
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sheet may be converted from a strong ductile material into a

very weak brittle. one with no accompanying markeéd change in the
external appearance, is of such an insiduous nature that, until
reliable information. is available, all duralumin must be regard- o
ed, more or less, with suspicion...To obtain such information . =
so that precautionary measures to guard against possible deterdo-  _
ration of this type may ke takena a comprehensive investigation —
was necessary. The results of this investigation form the basls e
of this series of reports (Reference 1) | The work has been car- -
ried out at the Bureau of Standards in cooperatlon with the l;
Natlonal Adv1sory Committee for Aeronautlcs, Bureau of Aeronau- =;
tlos of the Navy Department ‘and Army A1r Corps. The leadlng _ ) ;%
manufacturers have also paItlclpated in the 1nvestigatlon by __'—r;“
furnishing practically all of the materials needed The inves- v
tigation, Which was started in the latter part of 1985 is still _
in progress and flnal and complete answers have not ‘been reached
on all points concerning the permanence of duralumin in service.
The information which has been obtained, however, is of very
considerable value.to hoth manufacturers and users of ajrcrafi __;
and its publlcation at this tlme would seem to be warranted al- =z
though pos51b1y some of the statements made in this progress “

report may be modlfled slightly in the light of future resulte.ﬂ‘ ) -

bin
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II. laterials and Hethod of Test

1. Material

Most of the tests Which have been carried out in the inves—
tigation of intercrystelline'cerrdsiOnwhave been made upon 14—
geuge sheet furnished ﬁy two. manufacturers (:eferred to below
as A and B), as representative efrfheir products. The composi-
tion of these maierlals is glven in Table I, although it should
be mentloned that the comp031tlon may vary sllghtly from lot
to lot,. ‘ _ ‘

The flrst lot of materlal Supplied by each of the two manu-
facturers, though representatlve of tne practlce regularly fol-
lowed, was prepared especlally for this investigation and a care-
ful record of thefvaréous stagés of manufaeﬁure was kept and
furnished with the ma@erial. The succeeding lots of material
furnished by the manufaoturers were taken, except in a few cases
of moterisl of epecial composition, from the regular stock.

The behavior of the materisl of these later lots was in all essén-
tial respects the same as that furnished with a complete "metal-
lurgical history." The materials used in- the earlier tests were
representative of annealed, heat-treated, and heat-treated-and-
cold rolled sheet. In later tests, however, the heat-treated
material was used almost exclusively.-

The tensile properties of the materials in the initial or

uncorroded state are given in Table II.
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TABLE I

Composgition of Aluminum Alloys Used in Corrosion Tests

Elements of

composition Manufacturer A Manufacturcr B
determined

ou 4.1% 2,9%
Fe ' e 34% 51%
Mn .51% .58%
Mz : .B81% .60%
Si . 33% 317
or Hot detected Loas then »03%
Sn)

Ni

" i Not detected

Zn

Ca) .

A (diff.) . 94.12% 94,08%

Various other alloys, some of them differing rathcer decid—
edly in composition from those listed above have been also
used in different phases of the work. These will be roferred

to later.
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TABLE II1
Tensile Properties of 14-Gauge Sheet Duralumin in
Its Initial or Uncorroded Condition
3 ®
Manu— Meterial Tensile properties -
facturer "Yield" point | Ult. ten. |Elongatior
§ (by graph) strength (am)
1b./in. 2 1b./in.? per cent
A -1 A, anné¢gled . . - ~}[-13,000 & --| 33,500 30.0
HT, heat-treated -~ | @ .» SRS -
(quenched-and—aged) 40,000 61,000 23
TR,'coldFroiled after N -
heat-treatment  :. 1. 63,000 . 73,500 8
B A, annealed . 13,000 27,500 18
! - o
HT, heat treated 87,000 | 63,000 a1l
|'mR, ord-rolled after - | o
heat-treatument .7: - | 59,000 .- | 71,500 - 7
8. Method

The method commoniy used for evaluating corrosion teets

oonsists essentlally in the determlnatlon of the 1oss of welghtw

of the corroded specimen per unit area of exposed surface for .

a stated period of tlne. If de31red this result can be ex—

pressed in terms of the thickness of the metal 1ayer removed

and thus an estlmate can be formed a8 to the effect of the cQr—

Tosive mttack on the tensile strength of any glven member.

Such a method is applicable to corr051on of the flrst type de—

_x_L_.

*Each value given is the average of three deterﬂlnatlons.
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scrived above. It is obvioﬁs;~however, from o consideration of
the structural aspects of duralumin corroded according to the
~second aethod, . that, in"such.a.c%se, the. loss—of—weight deterni—
_naﬁionmvaﬁld fu?nibh“néiéritgrioﬁ by which the full:effbct of
the corfosive-attack on the propertics of the material pould be
neasurod. B Lt - :

Thé method-ﬁséd in thé'invesﬁigation Céhsiétcd ié fho coTTo—
sion.ofifullesize ﬁension"bars of{the mﬁtériaisltﬁefé§oiage Prop-—-
ertics of which in the initisl or uncorroded statc had alrcady
been dotermined. For eachﬁﬁéét a number of spccimens were used,
individucl bars being removed successively framr the test after
o knovn period of dbrrosion,and tested in teneion. Although
this mothod of carrying out corrogion tests on full-sizc tension
bars has pré#idusly‘been deééiibod (Referénce-Z), ité use as. a
practiéal nmcons of corrosion testing does not seem to have been
'followcd to. any extent, ~

Figure 3. shows g diagran of the tension specimen used.

It might be inferred from the preceding report, that the -
two typce of corrosion in duralumin always occur independently
of each othefJ This is not so, however. .The two wmay be lore or
less related and this is more often the case in accelerated
laboratory tests than in the more "natural' form of corrosion
such ns occurs during stmospheric exposure., It Wos necessary,

therefore, that the structure of the corroded specinens bo exai-

ined in Qrdef to determine which of the two types of corrosive

.I|,| \
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attack predominated and to which the observed change in the prop—'
erties of the metal should be ascribed.

Occcsionel wetting followed by a period during which the
metol surface is permitted to dfy off is moTe comperable to the
conditions which obtain in airoraft service them a contimual
wetting of the surface would be: 'This:fadt determined, in large
measure, the method used in.carrying out the corrosion .tests,.
The tcension specimens, guppo;teq,horigontailqup edge in a sup-
porting fremewerk formed out of glass Tod, Were lowerced peTriod-.
iocally into the~cqr;osive‘solu@iqniaqd then withdrawn info the
air. The apparatus used is shown in Figure 3. By means of a
clock, with suitably spaced mercury pite through Which electric-
al contact Wes made by the minute hand, the motor operating.. .
the crank arns to.which the baskets containing the specimens..
were attached was:started cevery 15 minutes-and operated long
enough to permit. the lowering .of -the specimens. into the solution
and their withdrawal into the air.

A few tests were also carried out by continuous immersion
as well as by means of the Yspray test." In the lgtter,-theﬁ
specimens were exposed continuously. to the corrosive solution ..
in the form-of a fog or nist Witbin.a.c;oggd:ghambgr, 'Thefxgg
sults obtained were of the .sgme gencral nature as those'obtqingd
by the rcpecated immersion method, but qfloggex‘expgsuyg_perigq»
waB necessery in order to obtaln comparable resulfs. Likewisc

the few tests made by the simple immersion method gave results



8
N.AsCoAe Technical Note No. 383

comparable to tﬁose by.repeated immersion but the attack was
somewhcot slower than -was the case With the repeated iumersion
method. | |
I1I. Rcéults of Accelergtcd Laboratory Corrosion Tests
| 6f Sheet Duralumin

1. Description of Tests

In order that acceleratcd tests may thiow any lignt on the
question of the embrittliement of duralumin, the following re-
guirenents must be met: (1) the corrosive attack of the mctal
rmust be intercrystalline. in nature, at least in large necasurc;
and {2) the test method and specimen rust be such that the
effecct of the corrosive attack on the properties con be readily
evaluated. The latter: requirement was fulfilled by carrying
out the tests on full-slze tension specimens as described in the
forcgoing. section. .In order to fulfill the first requirement,
however, considerable "reconnalssance" work was neccssary.

Exanples of embrittlement of sheet duralumin which had been

reported tor the Bureou of, Standards could in most cases be associ-

ated with the pregence of chlorides either as sodium chloride

in the marine or aea~coast atmosphere or as a solution such as

calciua chloride which had accidentally been spilled on the mater-

ial. Calcium chloride solution was the first one employed in
the laboratory testss The results obtained, which are surma~

rized in Figure 4, showed thaft congiderable embrittlement of

;ll] i

-

|s{5‘;’
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sheet duraluain can be producecd by corrosion by this solution
and nicroscopic examination showed further that the corrosive
attack wos in large measure, of the intercrystalline type (Fig.
5)s The relotive intensity of the attack of the different forns
of immersion teets and of the spray test is also shown by these
results. |

In Figure 4 and other similar.figures, the progress of the
attack is shown best by the dearcase in elongation (that is,
ductility). The attack.has to be quite for advenced, as a rule,
before the tensile strength is lowered very materially. The
shaded blocks are, therefore, the more significant ones.

In order to obtain changes:in the tensile properties of the
magnitude shown in . Figure 4, a rather prolonged corrosive attack
was neccssary. In most cases, the corrosion period wos extend—

ed to 40 days. Obviously, for an acgcclerated laboratory test,

a much shorter period than this would be very desirable. It is
well known that the addition of an oxidizing agent to an acid
will accolerate the corrosive attack on most metals which are
exposed to the acid. Sonme attempts have been made to utilize
this fact in corrosion tests, for example, Wernlund (Reference 3)
-had described the use of a mixture of hydrogen peroxide and ace—
tic acid for the testing of zinc coatings, and Mylius (Referenge
4), the addition of hydrogen peroxide to a solution of sodium
chloride fo% deternining the corrodibility 6f aluminum, Mylius

ghowved thot the. corrosion rate of aluminum as measured by the
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1oss—of—weighf method was imuch greater with the oxidizing solu~—
tion than With a plain solution of sodium chloride. Prelininary
the desirability of its use in this investigation since a pro-
nounced embrittlement could be produced within a few days and
furthermore microscopic examingtion showed that the ajtabk was
largely intercrystalline in its nature (Fig. 1). In Figure 6
are summarized the rTesults of a number of tests in Which this
solution wes used, the mccelerating effect of the oxldizing Tre—
agent beiﬁg very éjideht; Furthe? tests éhowed that.a soﬁewhat
nilder iﬁtercr&staliine.attadk could be produced by a solution
of hydrogen peroxide alone. Evideﬁtly hydrogen peroxide ié not
unigque in ifé acceleratiﬁg effect on fhe COrros;oh of durslumin
as was shown bylthe resﬁlfs obtainéd by.the-use_of'ohiorine waﬁ-
ter as an oiidiéing ééent“(Fig. 7). Potassium persulphate was

also found to have a very marked accelerating effect but in this

case the corrosive attack was so localized that the use of thils

oxidiéer Waé not.oonSidered to be.practioabie as & laboratory
'corroéion test.

Other reégénts both With and without the addition of hydro-
gen peroxide were used in corrosion testsj.nitrates, carbonates,
and éﬁlphéteé, as ﬁéil as other chlérides, vere tried. 1In the
heat treatuent of duralumin, fused-nitrate baths are very often
used:aﬁd films of.the fused salts not infrequeﬁti& pérsisf on

the metai sufface_after qﬁenching;“hencé, the importance of de~
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teriining vhether or not corrosion may be promoted by this cause.
Carbonates are often formed as a result of atmospheric corrosion
and sulphates are found to a very appreciable extent in sea Tater.
From the results, which are suimarized in Figure 7, it will be
seen that.of the -various solutions used, chlorides constituted
the only class .Which actively. accelerated.the corrosion of dura—
lumin.  The attack was in all cases of the intercrystalline type.
A few simple immersion tests on the same kind of metal in solu- -
tions.of.iodi¢es-%nd bromides (qqdium and potassium salts in
each case) gave results shoWing that the other halogens behave . .
similarly to chlorides. . According to the microscoplc structure . .
of the corroded speclmensg the three halogen solutioqs_we:etplacgd_
in the following order 7ith respect to the severity, of afttacks
iodides, bromides, chlorides, the last being. the most severe.

' The statenent has been made (Reference 5) that dilute sodi-
unt chloride éolufions ﬁré.more éevere'than more cdnbentraxed
ones; for example, that a solution of 1/6° the conééhtréiion of
sea Water is more severe in its attack than sea Watér; State—
ments to the effect that sodium chloride is moTe ;bti#e than
other chlorides have also.been nade. Tests'were ade ﬁith sodiﬁm
chloride solutions of the following concentrations: épproximatelj
11.5, 5.8, and .8 per cent (3%, N','"'r.:/lo). (Sea Water has an
average sodium chloride content of 3.33 per cent.) The reéﬁlté"
(f&g; 8) did not indicate any pronounced differencgé which could

be attributed to the concentration of the solutions. A potassiun
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chloride solution was found not to differ much in its attack
from a sodiunm chloride solution of the same concentration. Am-—
Aoniwa chloridé, however, proved to be very corrosive - a siuple
solution of thig chloride being as active as one of the sane
chloride to which an oxidizer had been added. Since duraluain
in ‘service ay come in contact with ammoniun compounds resulting
fionm the decomposition of animal Waste products, it Was'éonsidéred
advisable to investigate the possible corrosive effect of solu—
tions of other ammonium compounds. jThe'results, which are sum-=
marized in Figurée 8, indicated that-only in case of chlorides,
are anmoniun cbmpounds:to'be regarded“aé'a tause of severe coOIw
rosive attack.

2.' Some Factors Affecting the Accelerated-Corrosion Tests

(a) Method of Cleaning Specimens

The.results obtgined on sheet duraldnin corroded by means
of the sodium chloride-~hydrogen perpxide_solution or other accel-
erated corrog;on tests are not to be regarded as truly quantita-
tive, that is, in the strict sense of the word. Considerable
variation in the results for different specimens, even with
those corrcded gide-by—side in.the same solution was not Uncom~
mon, The oharaéter of fhé corroded surfzce would suggest that
this might be expected, 'fhe borfdded specimené usﬁally hdd a

®spotty" appearance, that is, the surface was not uniformly cor-—

roded all over but the attack was more intense at ceitain'poinfs”
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than at others (Fig. 5). In order to determine whether the non—
unifornity of the corrosive attack was-related to or determined
by the zethod by which the speclmens had been cleaned prioxr to
corrosion, several sets of spe01nens were cleaned by dlfferent
methods and then all were corroded under as nearly unifors con~—
ditions as pOSSlble. The cleanlng nethods used included. the
following: rubbing with a cotton swab wet Wlth alcohol followed
by rinsiné With ether- the sane Wlth carbon tetrachlorlde fol-
lowed by ether: etching witn d one—per—cent solutlon of hydro—_ :
fluollc acid; etchlng Wlth a one—per—cent solutlon of sodiuwi-
hydroxide; etchlng 1n a warn fine—per—cent sclutlcn of oxallc

acid; anodic pickllng in a warm flve-per-cent scd1um~carbonate_
solutlon, and scrubblng Wlth f1ne enery flour wet with water.
The results cf the tension teste of the cerroded bars, vhich ere
glven in Figu:e 9, together nith the appearance of the corroded
surfaces, which did not_diffef much in their genersl nature, in-.
dicated that, for an extended coriosion perlod the uethod by
which the specimen 1s cleaned prior to corrosion is only a minor
factor in determining the unlformlty of the surface corrosive
attack. ' .. o

As will be shcwn.in a leter renort however, the initial

character of the surface, nartlcularly w1th respect to the degree
of polish, may have an appreclable effect in delaylng the corro-
sive attack. After corrosion has once“started, however, the in-

.

fluence of fhe snrface characteristics is entirely negligible.
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(b) Light

In & few tests; particulexrly in some carried out in mid-
sunmer, the resistance of sheet duralunin to corrosive attack by
the sodlum ohlorldemhydrogen peroxlde solutlon was unexpectedly
high. In order to show uhether the results were dependent in
any way upon ‘the influence of llght a number of specimens,
while be1ng oorroded in the usual nanner in the sodlum chloride~
hydrooeu peroxide solutlon Were exposed for several hours each
day to the light froa a carbon arc lanp. A similar set Was cor-— .
roded within a llght—tlght oablnet and a thlrd set corroded.in
diffused’ dayllght. The results (Flg. 9) ShOWed ‘that the tensile
properties of the specimens corroded in darkness were noticeably
lower thsn those exposed to llont during the corr031on, that is,
the corrosive attaek of duralumln by this solutlon ig dimin-
ighed by the ‘action of light. Ev1dently thls is because of the
decomposition of the perox1de by the llght. This conclusion is
confilmed by the Iesults reported by Rackwitz andlSohmidt (Ref-—
erence 8) in their investigation of the sodium chloride hydro—
gen peroxide test for aluminum. It is evident, therefore, that
for consistent results in.oorrosion tests with this reagent, ex—
posure to brlght 11ght must be guarded avalnst and hydrogen per—
oxide nust be added frequently to the solution 1f the test eX—
tends over several daye. In the tests Whlch were carried out

with the sodiunm ohlorlde hydrogen peroxide solution, additions of
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the latter were made every three days during the duration -of the

testo
C(c) T e n perature

In the tests Which Were conducted tp determine to What ex—
tent corrosion- of sheet duralunin. may. be influenced by temperature,
plain chloride sqlutions: (ammonium as Well as sodium chloride)
were used since such solutions are stable at.the elevated temper-
ature used, whereas the sodium chloride-hydrogen peroxide solu-
tion is not. - The tests were carried out'at_7QPG_(158°F.), the
specimens and' solution being contained within a small electric—
ally heated oven. . The results showed that the rate of attack
of a very active solution, such as amrionium chloride,.Was not
much influenced by an increase in temperaiurg._ With a less act—
ive reagent, such as sodium chloride .solution, however, the rate
was very appreciably greater -al tﬁg elevated temperature used,

being approximately four times as fast.

IVe Tests of ‘Alloys Differing in Composition -

Effect of Composition

Laboratory corrosion tests were carried out on’a number of
alloys which differed in their composition from the typical "du-
ralumin composition® (Table I) with the hope of showing whether
or not the intercrystalline form of corrosion could be associat-
ed with any one of the eléments ordinarily present in this alloy.

These naterials are listed in Table III. The first four are
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available commercially in sheet form, the heat-treatment and

properties of which have been described (Reference 7). Most of

the others were prepared especially for the investigation, sever-

al of then being prepared by .a manufacturer under cormercial con—
ditions. Consideration was also given to the tensile properties
of the materials in order to obtain information concerning the

possible use of any of these alloys in aircraft construction.

It will be noted that the tensile strength of the two alloys
containing beryllium are so low, as compared With duraiumin,

that their use would not: be considered at éll.' Their inclusion
in these tests was for another purpose, however.

The surface appearance of duralunmin, after being corroded
according to the method of any of the previously described tosts
often suggegted that the presence of copper in-the alloy was
related to the behavior of the alloy under such corrosive con-—
ditions. The adhering white corrosion product was frequently
tinged with red and the more or less isolated corrosion centers
could be aschiated with a small reddish brown spot. This corro-

sion product gave a pronounced test for copper when tesbhed

chemically.



TABLE JII. Sheet Alloys Used in Corrosion Tests ¥hich
Differed il Composition from the Usual
Duralumln.(Table I).

Designation

of ¥aterial] .

o — g

G e ne r a 1' N g, t,u re of Haterdldal

i p

258
- E18
A-178T
B=178T
634
-58B
I3
1-2

L I3

Y
Al-Be, (4)
Al-Be, (B)

— el L and

Gommercial alloy glieet (descrlbed in A.8.8.T. Handbook, data sheets Al 5601)

'3 e n 1 n 1 " i " f i
u noo " " " n I i 1 n n
0 o no " R n n " " n #

Prepared by manufacturer & for this investlgmtlon Fe content higher than
In ordinary duralumin.

i, n’ ’ n’ non n I
i n' ; "o T t h
A . noonoon " tade from material of

high purity, low Fe and
8i ocontents.
Duralumin type of alloy (178)

Y-alloy, (1lth - Alloys Research Report, British Inet. of Zech. Engrs.).

"Beryllium duralumin” - Prép&wed at Bureau of Staﬁdards for this investigatioﬁ.

L ' ] T n n " n v U | ]
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TABLE III (Cont.)

Designation Composition (per cant) (b) Teneile Properties (a) 2t 1
e .
Mot a a3 e | e | N P IU1ltimate Tensile Elongation(z")?
Sf %“t”rial Cu _ﬁf 51 Lf___“g il _Pb Ca Ln_WZn Stz'th 1b./sg.in. per_cent -
258 - (4.3 | .45|0.9 | .68 .10| n.a n.d|n.d|n.df 2587 53,500 25.0 &
. . A R VR R P R I | 25SW. 48,800 19.0 s
518 - | .05 .38[1.0 | .o1| .81} n.d|  |n.d|n.dln.a| 51ST 49,000 13.5 &
| | A T I b4 .|, | Blsw_ . 37,100 37.0 . %
A-17ST 3.5.| .38| .8%|. .02 .30 | m.4 13,000 19.5 g:
B-178T 3.7 | .36 .33| .02| .45| n.d 53,600 | 8.5 -
- LT _ p o
63N 3.8 11.15]| 34| .50| -.63| =og - - 53, 300 16.0 <
. : _ i
5B ° 3.1 | .551~.8L| 50| .63 | m.d{ - : 51,800 19.0 o
I-1 4.2 | .20 ~20| .47| “47 | m.d 1 n.din.d|n.d|n8 59, 700 18.8 o
T2 1.2 | .081 .10 .47 .52 n.d|n.d|n.d|n.aln.g 81, 500 18.5
I-3 4.2 | .47] .30 .a7| 50| n.d {n.d|ndln.alnal - S
Y 4.1 |.25|.20| .01]1.56{1.8 |a.d|n.dk.dln.a|] = 89,900 | 16.0
A1-Be, (4) 05| ;09| .1t n.da |1.2 |(Be=" n.d | 29,300 | 18.0
o . 0.8)} S . |
Al-Re, () | .0s|.08!.8 n.d |u.a |Be=| Tn.a 28, 500 11.5
’ I.- . ’ 0-4) [l

(n) All materiale in heat—trented condition.
(b) Analyses by J. A. Scherrer, Chemist. - _ ' iy
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Archer and Jeffries (Reference 8) have described two high-
strength aluminum alloys, the'developmentlof vhich was based upon
the assumption that_the age—hardeninglprcperties of duralumln are
attributable tor the presence of.two constituents in thie material,
one, Cudl;, and the other HgESi. The waterial designated as
355 1in'Table III is the allo described by Archer and Jeffries
" as the one Which owes its superlor strength when heat-treated,
principally to the presence of CuAlz, and the mnaterial, 518,
to g Sis Bcth of these materials are commercially available
in two ﬁeat—treated conditions (de51gnated_by T gnd W). Nuuer—
" ous laboretofﬁ accelereted corrcsicn tests were carried out on
these t30 materiale (858 and 51S), the results of which are
eﬁmmariZCd in Figure 10.' These results confirn the conclu31on
based upon fhe'resuife of tésts of durzlunin, that chlorides
are by far nuch more ccrrosive than any of the otﬂer cormon solu~—
tions and that the aiuack of a chloriae solutlon can be decided-
1y accelerated by the presence cf an ox1d1zer. In naking any cCIi-
parison of tihe corrodlblllty of the two ndterials coneideraticn
must be given %o the neat tregtx rent. Spe01mens ﬂarked T ﬁere
subjected.to accelerated aging, that is, in the coriercial heat
treatiient, afterhquenChin the materisl was heated in order to
- pernmit the structural’ change known as "aging". which results\ln
the hardenlng and strengthenlng of the'ﬂaterlal to occur. In
duralunin’ thls change ocouTs aj roon temperature. As will be

shown in another report,'aluminum alloys of the type which respond
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to heat treatzent are less resistant .to corrosion in those cases
in which accelerated aging is used than then aged at room teaper-
atures, This effect must be given consideration in any compari-~
son nade of the relative corrosion resistonce of the naterials
258 and 518. The results of the corrosion tests (Rig. 10)-
shoWw that in the dquenched state (W condition) the ‘copper besr—
ing alloy had a very rmch lower resistance to chloride corrosion
than the corresponding mognegium—-silicon alloy (518). The ef-
fect of ncoelerated aging- in both allove (T condition) was to
increase tHeir susceptibility to corrosive attack. The exasina~
tion of the structure of the corroded specimens indicated, in
general,..a greater'intercrystClline attack in the copper bearing
alloy . (258) than in the other one (518). This is illustroted
in Figure .11.

Twro other commercial alloys used in the corrosion tests
are those designated as A 17S and B 17S (Table III) (Refer-
ence 9). Both.of tThese alloys are of veéry 10w manganese cOn-—
tent (.03 per.cent) and A 178 has, in addition, a considera~
bly lower copper content than occurs ordinarily in the usual dur-
alumin- type of alloy. The behavior of the B 178 when corroded
(Fig. 13) was not essentiglly different from that of the ordinary
duralumin composition under thé same conditions. A 178 sghowved
a higher corrosion resistance which, in all probability, can be
attributed to its lower copper content. _However, on account of

the initially lower tensile properties of this sheet material as
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coipered with the usual duralunin sheet it cannot be considered
for replocing the latter except for certain special uses. Evi-
dently, ag shovn by the behavior of these two materials as’ coir

pared with that of materld having a unlCh higher nanganese con-
tent, the element mangdnese shoculd be regerded as havins'no
marked cffect in deternining the susceptibility of the duraluain
type of clloy to corrosion.

e *aierlal d631~nﬂted as 63A Wwas prepeied bf oﬁe of.the
cooperating mqnufacturers under corniercial condltlons With an, 1ron
~content imch hlgher than is ordinarily found dn this material.
The results_obtalned, when the material was corroded with sodium
chloride (Fig. 12), sugzested a somevaab more Iapid atteck thgg
w«s ordlnarlly the case for duralumln with the usudl iron con-
tent. The behav1or of meterlel I, wnlcb nad a relatlvely very
low iron content howvever, did not indicate thut iron 1s to be
.rega;ded as contrloutln0 to any very appreciable extent to the
suscentibility %o corrosion.

Haoterial &58B was intended as a loW—copper duralumln.- The
ooppel ccnuont 3.1 per cent was not so lowvw, however as that
of one of the otacr materials: referred %o above (A~17ST) In
other respects 588 did not dlffer essentlally LrOﬂ the typical
duralumin covposition., When corroded with a chlorlde soluxion,
1t did not show any very deolded 1mprovement 1n corr051on resist-—
ance over that of heaj—treated duralunln of the usual composition.

Y

In the preparafion of dater;Lal I_, which was done under
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comiaercial conditions by one of the cooperating manufacturers,
aluninua of very much higher purity than is ordinarily used for
this purpose was employed. The alloy, as a result, had a relo~
tively very low iron content and also a silicon content much be-
low that ordinarily found in durelunin. Material I1 woas sub-
mitted by the same'ﬁanufacturer as représentaiive of an alloy
which seemed to have shoWn some promise in their tests of having
corrosion-resisting properties superior to those of the usual
grade of durélﬁmin. In @reparing this neterial, consideration
was ziven the twoiimpurities;”ifon'and silicon. The iron content
wWasg considerably lower than is ordinarily the case with duralu-—
min and the silicon Was élso lower than is the case in most dura-
lumin (Table III, alloy I_). The results of the laboratory cor-
rosion tésts'did not indicate any pronounced superior corrosion
resistanée of this raterial over the ordinary duralunmin composi-
tion, previced all iad received essentislly the seme heat trect—
ment. In carrying out the corrosion tests on these two nater-—
ials,” I, and I,, a third one, designated as I, in Table III,
was used thr¥oughout for comparisdh; This was ‘sn alloy of the
ordihary diiralumin composition (178) furnished by the manufac—
turer along with the other two.

The material designated as "Y alloy™ (Table III) has been
"describecd by Rosenhain (Reference 19) and, ‘in addition to con-
taining the alloying elements present in duralumin, in amounts

equal to those found in durslumin, contains nearly 3 per ccnt of

| 1.
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nickel., This naterial was found to be very susceptible to interg
crystalline corroeien when corroded in a chloride solution. How-
ever, since accelerated aglng is necessary for developing the
hlghest ten31le propertles of this alloy by heat trestment, 1t

is probable that the susceptlo 1lity to attack is to be attributed
to this rather than to the presence. of nickel. ‘

The tWo alloys ‘Al—Be(A) and Al—Be(B) were. prepared at
the Bureau of Standards for the 1nvest19at10n copper being omit-
ted from the elloys and berylllum used as an alloylng element
along the 11nes descrlbed by Kroll (Referenoe 11). In one case
(A), Kroll's suggestlon that in such an alloy a cotipound of be-
rylliun and magne31um nlabt be forned vhich uight act as the -
hardenlnr constltuent in heat treatment and in the other (B)
Gorson‘s (Reference 12) suggestlon of the formation of a COI
pound‘ef be:ylllum and silicon were the bgses,for the comp081—
tions cnoeen;‘wfhe tensile proﬁerties of both of these materials
in the heat—treated sheet forr were found to .be very much infer-
iox to those of duralunln and hence .their use as a substitute
for dnralurln is not practlcable._ Their behavior under corro-—
sion oondltlons is of interest houever., The.change in the ten~
sile propertles was Very con81derably less then in duraluain un-
der correspondlng conditlons .and no evidence, Whatsoever, of
any 1ntercrystalllne attack was shown by elther after being cor-

Iro ded.

A nethod for the improvenment of aluminum alloy castings,
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particularly by rendering thém Tees bofbus, has been favorably
reported upon (Reference 13), as a result of an inveskigation
carried out at the National Physical Lgboratory. Essentially
the aethod consists in allowing the temperature of the furnace
holding the molten netal to'drop slowly so as to permit the metal
just to freeze, thus expelling most of the “dissqlved'gases"
which it might conﬁain."The'metai is thén heated up to the
proper temperature and poured in the usual manner,

A small heat of duralumin prepared at the Bureau of Stand-
ards, a portion of which had beern treated according to this
method and the remainder of which was poured into ingot form
without any speciél treatment, Was rolled into sheet form fo;
corrosion tests. As shovm in Figure 13, both lots of materials
behaved essentially the same; the "degasifying! treathent did
not seem to have any influence so far as the corrodibility of
the resulting sheet was concerned.

The general conclusion concerning the effect of composition
upon the corrosion of duralumin is that, of the various elements
present, copper is most closely relsted to the susceptibility of
"this material to intercrystalline corrosion. No clear and def-
inite relation between the other elements which may be present
and the corrodibility of the material could be shown to exist
by the Tesults of the corrosion tests. As will be shown in an—
other report, however, the composition of duralumin is a faotor

of relatively minor importance, providing that the heat treat-—
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ment of the material has been carried out in a suitable manner.
Some of the very low-copper materials, for exaiple 518, showed
after severe corrosion soﬁé evidence of ‘intercrystalline attack,
a fact which supports the Qoncluéion that the simplz presence of
copper in duraiumin is nut g complete azd setisfactory explana~.
tion of the intercrysialline type of corrusion of this materiale
Sﬁéefﬁaluﬁihuﬁ éiﬁﬂéf'of very high purity or of Erdinary
commerclal grawme, :is nof sudject to intercrystalline corrosion.
The disintegration of alurtinuim sheet by interofystalline COTTO—
sion observed: a. number of: years ago_by;foréign.metallurgists,
for example, LeChatelier (Reference 1<), can be ascribed to the
impurities often.present in aluninun ag made at. that time. A
case of disintegration in.service of an aluminun alloy reported
by Seligman and ¥illiams (Reference, 15) is of decided interest
in connection with the tests -reported above. Wire screens which
had been used for several years for supporting thin slabs of
gelatine, vhich Was said to be free:from all chemicals except
small quantities of hydrogen peroxide, in some cases showed
complete inﬁ@rc;ystalling_disintegraiion5 whereas other screens
were in good condition after the same length of service. The

deteriorated wire was found to  heave a.composition.as follows:

" 8ilicon 0. 33 per cent-
Iron 0.30 "
Copper” . 2.65 e

Aluninum by difference,
‘ 96.72 per cent
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The composition of the wire which showed no disintegration was:

Silicon 0.24% per cent
Iron 0.23 t
Copper c.07

Aluminum by difference,
98.47 per cent

The regson for the deterioration is apparent.
V. Microstructurhl Aspects of Corrcded Duralunin

In structure, the alloys of the duralumin type consist of
o, Telatively soft cluminum-rich matrix throughout which are dis-
seninatcd a host of particles of the harder constituents which
result from the presence of the alloying elements, copper, _
magnesiur, iron, etc. Essentially, these constituents in dura~
lumin arc of three kinds, one resulting from the combination of
copper and aluminum, Oudl,, eanother, HNzg,S5i, and a third,
the exact composition of which has not been fully deternmined,
is an iron compound which is sometimes associated with free sil-
icon. Since iTron is present in the alloy as ah impurity and so
far as dis known serves no very useful purpose in attalining the
charocteristic properties of duralumin, this constituent nmay
be rezarded as a more or less incidental one. The distinguish;
ing of the ¥arious constituents from one another is most readily
done in specinens of the cast wmaterial. The identification of
the different constituents which, in the cast alloy, are associ-
ated tozcther and form a supporting or "skeleton" network is

best done at rother high magnification and depends upon the

(R}
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appearance of the different ones in the unetched state and their
response to various etching treatments. These constituents are
depicted in Figure 13,

A8 o result of the severe mechanical deformation which is
necessary in order to put the material into sheet form, together
with the accompanying annealings, the structural appearance is
completely changed from that of the cast metal. The copper-
bearing and the iron-bearing constituents which occur in much
smaller and more rounded particles are found distributed through-
out the recrystallized nmatrix in a rather hgphazard manner, the
only scmblance of order ‘being a somewhat streaked arrangement
which coincides with the direction of rolling and is determined
by it. The magnesium silioide constituent cannot be identified
With ‘certainty in sheet duralumin. Figure 14 illustrates the
characteristic appearance of sheet material of the duralunmin
type of alloy.

A great many observations have been made to determine wheth-
er the intercrystalline type of corrosion attack can be associ-
ated with and, hence, attributed to, some special or unusual
gtructural feature such as, for example, films of one or more of
the alloy constituents which might envelop the grains. "In a few
cases a suggestion of this has been noted but adequate and con-
sistent evidence of this in materials which develop intercrys—
talline corrosicn under favorable conditions has not yet been

found. It appears therefore that:this type of corrosion is to be
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attributed primarily to some structural feature or condition

which is not revealed by ordinary microscopic. examination.

VI. Other Tests of Corroded Sheet Duralumin

1. Electrical Resistivity

The desirability of a method of examination which might be
used to show the progress of any corrosive attack of a built-up
duralumin structure without, however, cutting or disturbing it
in any way is very evident. The determination of the change of
electrical resistivity éccompanying corrosion of the intercrys—
talline type suggests itself as a possibility along this line,
The results of a nuuwber of determinations of this kind (Reference
16) on specimens, the tensile properties of which were after—
wards determined, are summarized graphically in Figure 15. It
will be seen from these results that qlthough intercrystalline
corrosion, as induced by accelerated corrosion in the laboratory,
resulted iﬁ an increase in electrical resistance bf the material,
the aogcoupenying decrease in the tensile properties, especially
in the elongation, was of a rmuch higher magiitude. Thue in the
nost se%erely embrittled specimen, a decrease in elongation of
approximately 80 per cent was accompanied by an increase in
electrical resistance of only about 8 pexr cent, the variation
in the resistance of the uncorroded bars:being of the order of
2.5 per cent. The-detérmination of electrical resistivity does

not appear to be very useful, therefore, as an inspection’ test
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for estimating with any degree of accuracy the extent of inter-
cyrstalline corrosion and the resulting deterioration of the

material in its tensile properties. : -
2. X—~Ray Determination of Crystal Structure

Clark's statement (Refgrenoe 17) that "Duralumin samples
ﬁhich show maximum tendency fo intercrystalline corrosion, a
ﬁhenomenon of possible importance in light of the disaster of
the Shénandoah.whosé frame was duralumin, invarlably are distin-

guished from their X-ray patterns by greater internal strain

and by a recrystallization or slow aging process under strain'

suggests that examination'by the X—ray method oﬁght to yield
ﬁery useful and helpful resulis in the study of the corrosion
of sheet dufaluminf Differences, such as were referred to by
Clark, in thé X-ray patterns of sheet dura;umin as determined
by the "pinhole" method (Laue method) of X-ray examination are .
depicted in Figure 18, 'b! being tge ﬁattern which has been
said to result from the intercrystailine embrittled éondition.
A'veiy considerable number of gpecimens of sﬁeet duralumin
representative of material which had been used in service, ma-
terial attacked in an intercrystailine manner by accelerated
corrosion methods in the laboratory, as well as sheet which
after a known period of gxposufe to the weather showed inte£~
crystaliine attack, together with_uncorroded specimens which

had been heat-treated in such a manner as to render some very
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reslistant to intercrystalline corrosive attack and others very

susceptible to it (as proved in each case by both laboratory

and exposuTe tests) Were examined by the X-ray method. The Te—

sults, which will be described in greater detaillin another

publicction, will only be summarized ﬁere. In brief, these -

results do not support Clark's general conclusion that duralumin

sheet which is especislly susceptible to intercyrstalline corro-—

sion can inveariably be distinguished by its X-ray pattern. -
Of 18 specinens representative of sheet duralumin which

had been used iﬁ alrcraft construction and of which 8 showed a

distinct X-Tay pattern similar to that of Figure 16,b only

one ﬁas found to have undergone intercrystalline corrosion as N

shown by an examination of the microstructure. Specimens of ‘

heat~treated sheet duralumin which had been corroded in the '

laboratory and had shown distinct evidence of an intercrystal- _

line attack showed no marked resemblance in tﬁeir X~réy pattern

to Figure 16,b Whereas heat-treated sheet duralumin Which had

been coldprolledlprior to corrosion, did to some extent. Sheet

material which in heat treating it, had been guenched in hot

water could not invariably be.distinguiqhed by the X-ray pab-

tern from similar material which had been quenched in cold

water, although; as will be shown in another report, sheet durg-

lumin heat-treated in these two ways differ very decidedly in

their susceptibility toward intercrystalline corrosion. X-ray

examtination of duralumin including some large crystals of durs-
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lumin which had been deformed by cold Iolling gave results which
supported Gla;k‘s conclu81on to the extent of show1ng that tne
unusual type of X—ray pattern of these naﬁerlals ;s_related to
the "greater internal strain' of such material. Although such

a conaltlon of 1nterngl stress in duralumln may be regarded as
‘a favorable one for the occurrence of lnterorystalllne corr031on,
1t 1s very far from being an establlshed fact that thls is the
fundamental cause of this phenomenon. The X-ray method of exam—
ination is therefore limited in its appllcablllty and should be
r;garded as a,useful neans for demonstratlng the existence of
internal stresses, a condition which may help to make duralumin
somewhat more susceptible toward intercrystalline corrosion,
rather than showing what the fundémental condition for tﬁis be—

havior rezlly is.
VII. General Value of Corrosion Tests

Accelerated laboratory corrosion testing methods in gen—
eral are valuable for-what they indicate rather than for what
they prove. Such accelerated tests are, however, intended to
reproduce the essential conditions which contribute toward the
service behavior of the material  and, hence, to give an indicar
* tion of the probable behavior in service of the material. The
above—described tests of sheet duralumin are to be regarded in
this-light, that is, as "pilot teste" indicating the probable

behavior of the material—in service., Tests of the same nateri-



fx?A.c;A.’ Technical Note No. 2383
als under conditions more perfectly comparable with service con-
ditions, that is, for this material, weather~ex§osure tests, are
neoessérY'as a supplement either to confirm or possibly to refute
the conclusions which the 1aborato£y tests seem to warrant., Ex-—
tensive weather-—exposure teste are now under way and will be de—
scribed later as the results become availablé.

The question whether either static strees or fepeated gstress
acting simultaneously with corrosion may not accelerate the rate

of attack is also being studied and will be reported on later.-:
VIII. Summnmarzry

1. This report is odncerned with the petvinanence, with re-—
spect to corrosion, of 1ight'aluminum alloy sheets of the dura~
luain type, that is, heat-treatable alloys containing Cu, Hg,
Mn, and Si.

2 The corrosion of sluminum alloys of the duralumin type,
may manifest itself in two different ways. In one of these, the
attack is a surface one only and, being usually nonuniform in its
distribution, results in a roughening (pitting) of the surface.
This is analogous to the familiar rusting of iron., In the other,
the corrosive attack is not restricted to the surface of the mer~
terial but penetrates into the body of the metal, the path by

which it progresses inwardly being an intercrystalline one.
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3. By corrosion, the tensile load necessary to break a
specimen ié, in general, reduced to the same extent that the
effective cross section is reduced by the corrosive attack.
After corrosion of auialumin according to the first type, the
change in o:oss~éectional dimenslons can.usually be readily de-—
terained. After an aitéck.of the second type, however, especi-
ally in éheet matérial, the effective cross section nay be only
a small fraction of the initial value and the breaking load may

“be correspondingly low, although the externallappearance'gives
. no true indicatiorn of such a pronounced change. The elongation
(ductility) of ‘the sheet material ié usually reduced by inter—i
crystalline corrosion to a greater degree than is the ultimate
tensile étrength;lthis being ascribed to the "notch effect™ of

the deeply penetrating corrosion fissures.

-

4, ‘In the determination of the effect of intercrystalline
corrosioﬁ on tﬁe tensile properties of sheet duralumin, it is
eésential that the tests be cérried out on full—siée tension
specimens. Little, if any, useful informationqin such a case,
would be gained fron fhe oidinary loss—of-weight corrosion tests.
The change in the tensile prOpertieé fofﬁs a dependable criterion

of the magnitude of the corrosive attack.

5. Laboratory corrosion tests were carried out by the in-
termittent repeated immersion method, the spccimens heing monen—

tarily dipped into the corrosive solution once every 15 nimutes
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and then withdrawn and allowed to dry off in the air. Such a
rnethod Was thought to be wmore representative of conditions ob-
taining in aircraft service than a continuous immersion would
be. It was found to give significant results in a considerably
shorter time than the "spray" test does. Microscopic examina~
tion of corroded specimens was made to deterﬁine the nature of

character of the attack.

6. An intercrystalline sttack was induced in sheet duralu-
min by corroding specimens in this manner in a chloride solution,
(calciua or sodiﬁm chloride). The addition of an oxidigzing
agent, such as hydrogen peroxide, was found to accelerate the
corrosive attack very materially. -Other halogen solutions (bro~
mides and iodides) were found to behave similarly to a chloride
solution though at a somewhat slower rate. Armonium chloride
solution was found to be very active even without the addition
of any oxidizer. Other common solutions, nitrates, sulphates,
and carbonates, even with an oxidizer present were ‘found to have
no appreciable corrosive effect on duralunmin-and to cause no

- intercrystalline =wbttack, whatsoever.

7. Of the varioﬁs alloying elements in duralumin including
those such as iron, which are »nresent as impurities.rather than
intentional additions, copper appears to be most closely associ-
ated with the propensity of the material toward intercrystalline

corrosion., Other factors, however, especially the method of
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heat treatment are of decided importance in determining the be-
havior of the material with respect.to corrosion. Under some
circumstances, some alloys of very low copper content were found
to corrode in an intercrystalline manner. The attack in such
cases, however, wae.less severe than that of-an alloy of higher

copper content.

8., The spe01mens subgeoted to acoeleréted corrosion tests
1n the laboratory always showcd a more or less "spotty“ appear—
ance after cor1081on, The 1ntercrystalllne attack was riost s
verc under the “soots" or surface accuﬂulatlons of corrosion
produots.l The method by whlch the sp301mens were cleuned prior
to corI081on does not anpear to be the de01d1ng factor in cau81ng

thls nonunlform corr031on attack.

9., Accelerabed corrosion tests made at an elevated temper—
ature in which a very active solution was used; did not differ
in their results from tests made at room temperature. . With more
mildly acting solutions, however, the corrosion rate was in-—

creased approx1mately fourfold by u51nv a tumperature of 70°C.

10. In-structure, aluminum alloys .of the duralumin type con-
sist of a relatively soft aluminum—rich matrix; throughout which
are dlsseﬂlnated the particles of the hurder constituents result—
ing from the presence of the alloylng elements. The deformatlon

which is recessary for puttlnp the mwterlal into sheet form Tre-
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sults in the fragmentation and redistribution of these particles
of the alloying constituents. The intermediate annealings dur—
ing the working of the material, together with the final heat
treatment of the sheet changes the form and size of the particles,
particularly of certain compounds, as they are dissolved in solid
golution in the matrix. ©No regularity exists in the distribution

of the particles of the harder constituents throughout the micro-

structure sheet, other than a streakineés regulting from the roll-
ing which varieé in degree in various portions of the cross seg—
tion of a sheet and from sheet to sheet. No distinct evidence

of a structural condition at the grain boundaries which would
definitely account for the intercrystalline corrosive attack has
yet been found in the microstructure of duralumin sheet. Sone
8light evidence of CuA at the graiﬁ boundaries in film—like.
form as seen at rather high magnification has been noticed but

the evidence is so fragmentary that no general conclusion is

warranted.

1l. Electrical resistance measuremcnts nade on specinens
after progressively increasing amounts of corrosion have not
glven results which would warrant the use of this method as a

"non-destructive! inspection method,

-

13. ZX-ray examinations by the "pinhole’ (Laue) method do
not afford a sure means for distinguishing sheet duralumin which
is very susceptible to intercrystalline corrosion from that

which is not.
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Co., 1926, p. 380.

A Yethod of Improving the Properties of
Aluminuri Alloy Castings. Jour. Inst.
lietals 33, 237, 1935,

Sur 1'altérabilité de 1'aluninium,
Comptes Reridus 153, 650, 1911.

A Case of Dlslntégration‘of'Copper—

Aluminum Alloy. ~Jour. Inst. Metals 20,
1987, 1918, “
Deterninations. . _ S

Applied X-Rays. .LicGraw-Hill Book Co.,
New York, 1937, p. 241.‘
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Oross section of material
corroded in the atmosphere,
x 250,

b, COross section of 14 gage
sheet (material A, Table II)
in quenched-and-aged con-
dition after being corroded
in the lgtoratory, with a
solution of NaCl and Hy0p,
x 100,

¢, Materizl seme as b, heated
5 hr. at 135°¢, corroded as
in b, Note that the inter-
crystalline attack permeated
the entire cross section of
the sheet, x 130.

Fig. 1 Microstructure of sheet duralumin after intercrystalline corrosion;i

unetched.
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Fig.2

Tenslle strength,trousand pounids per square inclh.
Elongation in 2 inches, per cent

Fig.1l5 Comparative sffect of corrosion on t2e slsctrical
resistance end tensile propertiss of slset
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Apparatus used in repeated lmmersion corrosion teats
(wet ond dry tests).
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THOUSAND POUNDS PER SQUARE INCH

TENSILE STRENGTH -

PER CENT

ELONGATION IN 2 INCHES -

70 i '

N=CaCl -cicl,
uX  INTERMITIENT 3%
IMMERSION

height of the shaded rectangle.

Figs., 4 & 6
A- MA':E{%IAL ) Fig. 4

I Iffect of
corrosion
by
calecium
chloride
solutions
on sheet
dural-
umin.

In this
and
succeed=
ing
figures,
the

A - ANNEALED wltimate
HT - COMMERCIALLY HEAT  gensile

TR-coD ROLLED arTer Strength
HEAT TREATMENT of the

material
is ghown
by the
total
height
of the
rectangle;
the elon-
co:'ranoCLlTs Ns:ﬂf' gation by
IMMERSION the

Al)l sheet material was 14 goge unless stated otherwise,

The concentrations of solution (here and elsewhere) expressed by per cent, are only approximate

r
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B-MATERIAL

A~ ANNEALED
HT- COMMERCIALLY
HEAT TREATED
TR-COLD ROLLED
AFTER HEAT
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N-NaCl SPRAY N-Ca
lNTERM%I’ENT
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N-Call#H,0, N-N1Ci + H,0, N=-NaCle Ha0;
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Fig. 6 Effect of corrosion by chloride solutions on the properties of commerclal

sheet duralumin.




which took place.
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Fig. 5 Structure of heat treated sheet duralumin corroded by calcium chloride
solution, 64 deye by intermittent immersion.

Surface appearsnce of correded bers, x 2, 4 and B material (Teble II).
Microstructure (unetchmed), x 260 of B material under one of the corrosion areas. .

Same for A material; a.pparently in this case pitting has kept pace with any intercryatall’ina attack
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Tig. 10 Effect of corrosive attack upon the properties of two types of commercisl hign-

strength sluminum alloy sheet; CumiAl slloy (258) and Mg-Si-Al alloy (518)
( See Table III )
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Tig. 12 Effect of corrosion upon the prpperties of various high-strength sheet
aluminum alloys of different compositions (See Table III) .
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rosion on the structure of the material of
The attack after 6 days corrosion in NaCl +

Fig. 11 Effect of cor
Figure 10.
. HgO, was intercrystalline in character. This Was very
mu.cﬁ more pronounced in the alloy (258) containing cop-

per (a) than in the other (51s) (b) x= 250, unetched.
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Fig. 16 ZX-ray patterns by ths

fipin-hole® (Lave) method
of two pamples of eheet du~
relumin from the Shenandoah.

Nelther one showed any evidence of
intercrystalline correcsion in its
microstructure. Both had been in
service the same length of time.

Etchant 1% HF, x 150

Same, x 1000, The smell dots
are umdoubtedly the MgoS
constituent. .

Same, x 1500, Etched by ¥nitric
acid quench®. The dark colored
conatituent is Cudl,, the other

: g s Ay TR  is the complex iron constituent.
Mg. 13  Microstructure of duralumin in cast state. (4,Table ). The constituente are more readlly

recognized in this condition than after the waterial has been rolled.
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Miéerostructure of sheet duralumin and related sheet alloy sheet before
and after corrosion. &, Heat treated sheet duralumin (A, Teble I).
, Heat treated alloy S51ST (Table III). c, Heat treated duralumin (I-1,Table III).
a,b,& C3 Uncorroded sheet; eétchant, I%HF, x 250, 4, Heat treated alloy sheet ;255W
(Table 1II), 4 days accelerated corrosion; x 1000. e, Sheet durslumin corroded in
gervice, etched with 1% HF to reveal the grain boundaries, x 260, f, Same, x 1000.

o structurel features serving to direct the course of the corrosive attack arevisible

g

Fig. 14




